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[57) ~ ABSTRACT

An electrostatic image forming method for various
kinds of image forming apparatuses. At an exposing
step, a light image having a light quantity region greater
than a predetermined quantity of light is projected to
form on a dielectric layer of a dielectric recording me-
dium a positive electrostatic image which has such a
tendency that the surface potential or the amount of
surface charge is comparatively small in a region in
which the quantity of light is comparatively large. A
full-surface exposing step using a predetermined quan-
tity of exposing light is added to before or after the
exposure to the light image, so that the total quantity of
exposing light exceeds a predetermined quantity of
light. The quantity of light of the light image is control-
lable to a larger one which provides a positive electro-
static image on the dielectric layer, or to a smaller one
which provides a negative latent image. After an image
has been formed, a predetermined period of time for
adaptation 1s provided to ensure a potential contrast so

that a positive electrostatic latent image may be formed
under advantageous image forming conditions.

7 Claims, 24 Drawing Figures
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1
ELECTROSTATIC IMAGE FORMING METHOD

BACKGROUND OF THE INVENTION

The present invention relates to an electrostatic
image forming method applicable to various kinds of
imaging apparatuses such as a copier, a facsimile appa-
ratus, a printer and an instant camera.

Electrostatic image forming methods heretofore pro-
posed include an electrostatic 1image transfer method
which was deveIOped by L. E. Walkup and the princi-
ple of which 1s disclosed in U.S. Pat. No. 2,825,814. An
approach sharing the same principle as Walkup is dis-
closed in R. M. Schaffert “Electrophotography” and

named “TESI Method No. 5”. Another similar ap-
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proach is taught in “SPSE (1974)” by R. L. Jepsen and

G. F. Day of Varian Ass.

An mmage forming apparatus which employs such a
prior art electrostatic image transfer method will be
briefly described with reference to FIG. 1. As shown in
FIG. 1, the apparatus includes a dielectric recording
medium 10 made up of a transparent electrode layer 12
and a dielectric layer 14, and a photoconductive ele-
ment 16 made up of an electrode layer 18 and a photo-
conductive layer 20. The recording medium 10 and the
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photoconductive element 16 are held in close contact

with each other.. While a DC voltage Vo is applied
across the electrodes 12 and 18 from a DC power
source 22, a hight image associated with a transmissive
document 24 is projected from the dielectric layer 14
side so as to provide an electrostatic image on the layer
14. Specifically, among the areas which are exposed to
the light, those in which the divided voltage between
the photoconductive element 16 and the dielectric re-
cording element 10 has exceeded the breakdown volt-
age 1n an air gap 26 between the elements 16 and 10
cause discharging to occur therein and, thereby, allow
charges to be deposited on the dielectric layer 14, the
charges constituting an electrostatic image. That is, the
amount of charge deposited on the dielectric layer 14
depends upon the quantity of exposing light; charges
develop in the irradiated portions to provide negative
electrostatic images. |

The above described type of image forming appara-
tus uses an inversion-development process because the
negative image has to be changed to a positive image.
Assuming that the recording medium 10 comprises an
electrostatic recording paper, for example, it involves
substantial microscopic irregularity due to the configu-
ration of the dielectric layer 14 and the electrostatic
characteristics. As reported in various fields in the past,
such microscopic irregularity turns an external electric
field constituted by the electrostatic image into a minute
electric field which is generally referred to as a “micro-
field”, thereby rendering the inversion development
considerably difficult.

The prior art electrostatic image forming method as
discussed above cannot provide positive images unless
the document itself or the light images to be projected
are negative. Hence, it is incapable of freely manipulat-
ing ordinary documents or the like in forming images.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to
provide an electrostatic image forming method using
the principle of electrostatic image transfer which is
capable of providing stable positive electrostatic images
on a dielectric recording medium, so that positive im-
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ages may be reproduced without inversion develop-
ment.

It is aother object of the present invention to provide
an electrostatic image forming method using the princi-
ple of electrostatic image transfer which is capable of
providing positive electrostatic images on a dielectric
recording medium so that positive images may be repro-
duced without resorting to inversion development, and
of freely providing negative electrostatic images when-
ever desired or depending upon the document and other
factors. |

It 1s another object of the present invention to pro-
vide a generally improved electrostatic image forming
method.

An electrostatic image forming method of the present
mvention i1s applicable to an image forming apparatus
which is provided with a photoconductive element
having an electrode layer and a photoconductive layer,
and a recording medium having at least a dielectric
layer, at least one of the photoconductive element and
the recording medium having transmissivity. The
method comprises the steps of (a) causing the photocon-
ductive layer of the photoconductive element and the
dielectric layer of the recording medium to face and
make close contact with each other with the intermedi-
ary of an air gap, (b) applying a DC voltage across the
electrode layer of the photoconductive element and the
dielectric layer of the recording medium, (¢) projecting
a light image for exposure from a back of one of the
photoconductive element and the recording medium
which has transmissivity, and (d) controlling a light
quantity of the light image. A positive electrostatic
image or a negative electrostatic image is formed on the
dielectric layer of the recording medium.

In accordance with the present invention, an electro-
static image forming method for various kinds of image
forming apparatuses is disclosed. At an exposing step, a
light image having a light quantity region greater than a
predetermined quantity of light is projected to form on
a dielectric layer of a dielectric recording medium a
positive electrostatic image which has such a tendency
that the surface potential or the amount of surface
charge is comparatively small in a region in which the
quantity of light i1s comparatively large. A full-surface
exposing step using a predetermined quantity of expos-
ing light is added to before or after the exposure to the
light image, so that the total quantity of exposing light
exceeds a predetermined quantity of light. The quantity
of light of the light image is controllable to a larger one
which provides a positive electrostatic image on the
dielectric layer, or to a smaller one which provides a
negative latent image. After an image has been formed,
a predetermined period of time for adaptation is pro-
vided to ensure a potential contrast so that a positive
electrostatic latent image may be formed under advan-
tageous image forming conditions.

‘The above and other objects, features and advantages
of the present invention will become more apparent
from the following detailed description taken with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a section of an image forming apparatus
which uses a prior art electrostatic image transfer
method;

F1G. 2 i1s a schematic side elevation of an experimen-
tal apparatus to which the present invention is applied;
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FIG. 3 is an enlarged section of a photoconductive
element included in the apparatus of FIG. 2;

FIG. 4 is an enlarged section of an electrostatic re-
cording paper also included 1n the apparatus of FIG. 2;

FIG. § shows various characteristic curves which are
representative of the results of experiments;

FIG. 6 shows a characteristic curve resulted from
lowering DC voltage;

FIGS. 7A-7D are timing charts demonstrating the
operation in accordance with the present invention;

FIG. 8 is a section which models a photoconductive
element and an electrostatic recording paper;

FIG. 9 is an equivalent circuit associated with FIG. 8;

FIGS. 10A-10C are sections representative of differ-
ent behaviors resulting from different quantities of ex-
posing light;

FIGS. 11A-11E are sections of a photoconductive
element and an electrostatic recording paer which show
consecutive stages of operation in accordance with the

present invention;
FIG. 12 is a schematic side elevation of an 1mage

forming apparatus to which the present invention is
applied;
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F1G. 13 shows characteristic curves which respec-
tively are assoctated with different DC voltages;

FIG. 14 shows a characteristic curve representative
- of attenuation of surface potential; and
FIG. 15 shows a characteristic curve representative
- of potential contrast.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

While the electrostatic image forming method of the
present invention is susceptible of numerous physical
embodiments, depending upon the environment and
requirements of use, substantial numbers of the herein
shown and described embodiments have been made,
tested and used, and all have performed in an eminently
satisfactory manner.

Some embodiments of the present invention will be
described with reference to FIGS. 2-15.

Generally, the image forming process is made up of
an exposing step, a developing step and a fixing step.
Among the three consecutive steps, the developing step
may be implemented with any of known dry-process
and semimoist-process methods and any of known one-
component, two-component and other developers. The
fixing step, too, may be implemented with any of vari-
ous methods known in the art, e.g. heating, pressurizing,
spraying, and natural drying. The gist is that the devel-
oping step and the fixing step need only be those which
fulfill systemm requirements. The exposing step, on the
other hand, is the step which constitutes the subject
matter of the present invention. Specifically, the expos-
ing step in accordance with the present invention is
capable of producing a positive electrostatic image,
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instead of a negative one, from the same document
depending upon the quantity of exposing light and other
conditions, that 1s, effecting exposure and electrostatic
image transfer at the same time. Details of such an ex-
posing step will be discussed hereinafter.

Referring to FIG. 2, an experimental apparatus useful
for describing the exposing step in accordance with the
present invention 1s shown. The illustrative apparatus is
basically similar to the prior art arrangement of FIG. 1.
The apparatus, generally 30, uses a photoconductive
element 32 which comprises a generally transmissive
organic photoconductor (OPC). Specifically, as shown
in FIG. 3, the element 32 consists of a charge transfer
layer 34, a charge generation layer 36, an electrode
layer 38, and a base layer -40. The base layer 40 com-
prises a 100 microns thick polyethylene phthalate film
(Myler film). The electrode layer 38 comprises an alu-
minum film which shows transmission of 35% to light
having a wavelength of 600 nanometers. The charge
generation layer 36 which is applied to the electrode
layer 38 is made of a composition prepared by dispers-
Ing in butyral restn XYHL (UCC) a bis-azo plgment
which is represented by a formula:

Here, the ratio of the pigment to butyral 1s 2.5/1 in
terms of solids; the dispersion 1s prepared by processing
the components for 24 hours in a ball mill with 1.1 wt%
of solids. For the dispersion, a solvent having a THF/e-
thylcelsolve ratio of 4/6 1s used. The layer 36 is applhed
to a thickness of about 0.2 microns. This thickness 1s
equivalent to transmission of 10% at the absorption
peak wavelength of 583 nonometers of the pigment.
The charge transfer layer 34 which is deposited on the
layer 36 is made of a composition obtained by solving in
polycarbonate resin C-1400 (Teijin) a charge transfer
agent CTM of styryl derivative (tnphenylamme styryl)

which has the following structure:
N

C=CH

Here, the CTM to polycarbonate ratio is 9/10 in terms
of solids and the content of solids 1s 20 wt%. A solvent
used for the above purpose is THF (tetrahydrofuran).
The layer 34 so deposited is measured 20 microns thick.

An electrostatic recording paper 42 is used as a di-
electric recording medium. As shown in detail in FIG.
4, the paper 42 has a four-layer structure made up of a
dielectric layer 44, a prelayer 46, a base 48, and a back
layer 50. The base 48 comprises a 70-80 microns thick
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base paper and provided with conductivity by dispers-
ing ECR-77 (Dow Chemical) in methanol (solvent) to
impregnate the base paper with a conductive material.

The prelayer 46 and the back layer 50 respectively are-

provided on the opposite surfaces of the base 48 by
dissolving CR-77 (conductor) (Dow Chemical), vinyl
acetate emulsion (binder) and clay (pigment) and apply-
ing the resluting composition to the base 48. The layers
46 and S0 are each about several microns thick. The
dielectric layer 44 which is applied to the prelayer 46
comprises a dispersion of vinyl chloride (not greater
than 1 micron in diameter) in putyral resin. The dielec-
tric layer 44 is about 7 microns in average thickness and
roughened at micron order over the surface thereof.
The photoconductive element 32 and the recording
paper 42 are held in intimate contact with each other in
such an orientation that the charge transfer layer (pho-
toconductive layer) 34 and the dielectric layer 44 face
each other. The micron-order roughening provided on
the surface of the dielectric layer 44 as previously men-
tioned is to leave an air gap 52 between the facing layers
34 and 44, that 1s, to sufficiently reduce noise due to
discharging and others which will be entailed by separa-
tion of the paper 42 from the photoconductive element
32 after formation of an electrostatic image (see FIG. 8).

A DC voltage Vo is applied across the photoconductive

element 32 and the paper 42 from a DC voltage source
54. For this purpose, one end of the power source 54 is
connected to the electrode layer 38 of the element 32.
Concerning the paper 42, although the conductive base
48 and the like may be directly connected to the power
source 54 to serve as an electrode layer, it 1s more desir-
able for completeness to keep an aluminum foil elec-
trode 56 in close contact with the back of the paper 42
and connect the electrode 56 to the other terminal of the
power source .

The photoconductive element 32 and the recording
paper 42 are positioned on a sponge mat 58 which is laid
on a table 60. A transmissive original document 62 is
disposed on the element 32. Weight is applied to the
element 32 and paper 42 by a glass platen 64 and
weights 66. The weight is measured about 26 gW/cm?2.
A neutral filter 68 may be interposed between the glass
platen 64 and the document 32 according to require-
ment. A ligh source 70 is located above the glass platen
64 for exposure.

Referring to FIG. §, there are shown the results of
experiments which were conducted by use of the
above-described apparatus and a DC voltage Vo of 650
volts. In FIG. §, the fourth quadrant shows a relation-
ship between the density of the original document 62
and the quantity of exposing light incident to the back
of the element 32, the latter being obtained by applying
a predetermined quantity of light over two alternative
durations (a4 and bs). The third quadrant shows a a
relationship between the quantity of exposing light and
the surface potential which remains deposited on the
paper 42 after the separation of the element 32 and the
paper 42 in relation to the application of the voltage of
650 volts. While the curve shown in the third quadrant
generally is a curve of secondary degree, it has been
confirmed that varying the kind of the paper 42, for
example, shifts the inclination and peak of the curve
within the third quadrant. It 1s to be noted that the
curve 1n the third quadrant is represented by a solid line
a3 and a dash-and-dot line b3 to merely illustrate its
correspondence with the two lines a4 and bs which are
shown in the fourth quadrant. That is, the curve in the
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third quadrant holds true with any quantity of exposing
light E which 1s expressed as E=FEo X, where Eo is the
quantity of radiation and t the duration of exposure.
The second quadrant in FIG. 5§ shows a correlation-
ship between the surface potential Vs and the image
density 1D which was obtained by developing a surface
potential deposited on the recording paper 42 using a
commercially avatiable developing unit FT 4060 and a
developing bias potential of 150 volts and, then, fixing

the developed 1mage by means of a commercially avail-
able fixing unit LP-4120. It has been found that the
tendency shown in the second quadrant is substantially

‘unchanged when cascade development, semimoist de--
velopment or the like is used as a developing method

and radiation fixing, natural drying or the like as a fixing
method. The two curves a; and bz in the second quad-
rant appear respectively in correspondence with the
ranges a3 and b3 which are shown in the third quadrant.

Consequently, the image density 1D varies as repre-
sented by curves a; and b with respect to the document
density OD as shown in the first quadrant of FIG. 5.
Specifically, where the quantity of exposing light log E
is applied to the document under predetermined condi-
tions as represented by the curve a4, a positive electro-
static image appears on the dielectric layer 44 of the
paper 42 according to the curve a3 and is then devel-
oped without inversion as represented by the curve aj.
This provides a positive-to-positive image as indicated
by the curve aj. In contrast, where the quantity of light
log E 1s applied as represented by the curve b4 and
inversion development 1s not performed, the resulting

 1lmage is a negative-to-positive image as indicated by the |
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curve bi.

The images represented by the curve a; have the
following characteristics. To begin with, in the case
where a potential on the dielectric layer 44 as repre-
sented by the curve b3 is developed by inversion, the
inversion itself 1s extremely difficult due to the influence
of microfield as discussed in relation to the prior art
technigues and; it is almost impossible to accomplish
uniformly inverted 1 images should the document include
line images and solid images. Further, as described later
in detail, the prior art approaches in explaining the
mode in the third quadrant consider a model in which
the charges on the dielectric layer 44 migrate and, pre-
sumably as a result thereof, involve irregularity in
image due to microscopic irregularity in electrostatic
characteristic of the paper 42 in the medium density
region indicated by the curve ba. In contrast, the condi-
tion which is represented by the curve aj offers a signifi-
cant degree of uniformity. Moreover, comparing the
curves az and b; 1n the second quadrant, it will be seen
that the curve ajz is easy to obtain high density images
despite the relatively low potentials. Such advanta-
geously suppresses noise at the time of separation of the
paper 42 from the photoconductive element 32, whlle
enhancing the developmg ability.

The curves a3 and b3 in the third quadrant of FIG. §
shift themselves when the DC voltage Vo from the
power source 54 is changed. For exampie, as the volt-
age Vo is raised, the curve a3, b3 shifts toward the
smaller lower light quantity side (downwardly in the
graph); as the former is lowered, the latter shifts to the

~ larger hght quantity side (upwardly in the graph). Also

635

entailed by the increase in the voltage Vo is the increase
in the peak of the surface potential Vs on the paper 42.
However, where the voltage Vo 1s excessively low such
as 500 volts, the curve in the third quadrant appears as
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represented by a curve ¢3 of FIG. 6, which does not
correspond to the curve a3 at any portion. Further, in
such a situation, the exposing light quantity {log E] to
surface potential [Vs] characteristic is not determined
by a single condition. For example, even though the
quantity of exposing light may be the same, the satura-
tion potential shifts as indicated by an arrow 1n FIG. 6
if the duration of exposure is longer (that 1s, the quantity
of radiation is small).

Hence, the characteristic represented by the curve a3
in the second quadrant of FIG. § is not always pres-
ented in all the possible conditions. In the illustrative
experiment, for example, such a characteristic was gen-
erally not observed when the voltage Vo was about 500
volts, except for some sitnations wherein the exposing

time was long, and was observed at the voltages Vo of

600-700 volts. As to voltages higher than 700 volts,
sufficient characteristics have not been determined yet
due to the leak at the electrode portions. Another factor
to which the characteristic concerned is susceptive,
although insignificant, is the variation in the pressure
force derived from the weight, and the characteristics

of the photoconductive element 32 as well as those of

the paper 42. Nevertheless, characteristics essentially
similar to those of the second quadrant were accom-

plished with commercially available various kinds of

electrostatic recording papers and with plain papers for
use with ordinary copiers (e.g. Ricoh TYPE 6200).

As described above, in accordance with the present
invention, a positive electrostatic image is obtainable on
the dielectric layer 44 by applying more than a certain
quantity of light at the exposing step and, hence, a post-
tive image is achieved without resorting to the difficult

inversion development. Concerning the example of

FIG. §, if the quantity of exposing light substantially lies
in the range of 5X10—> to 4 X 10—3 [J/cm?], the result-
ing images will have sufficient gradations. Further in-
- creasing the quantity of light, although somewhat re-

~duces the gradations, will constitute effective means for

. preventing contaminations and others on a document

- from being reproduced together with images.

Meanwhile, where a light image is projected in a
quantity of light which lies in a range of 0-5Xx10-3
[J/cm?], a negative electrostatic image may be provided
on the dielectric layer 44. It should be noted, however,
that the specific numerical values, 0-5X 10—3[J/cm?] or
5X 10> to 4 X 10—3 [J/cm?], are not limitative and may
be varied depending upon the characteristics of materi-
als used, DC voltage for contact exposure, pressure
force, and other conditions.

Therefore, a positive or a negative electrostatic iage
1s attainable as desired by selecting either a large quan-

tity or a small quantity of radiation using suitable

switching means. The switching means may be associ-
ated with the amount of radiation from the light source,
the distance of the light source, exposing time (duration
of application of DC voltage), opening of a stop or the
like, or may be implemented with replacement of the
neutral filter. Since an electrostatic image is formed
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only when exposure is effected under the application of 60

a DC voltage, the quantity of exposing light may be
expressed as (quantity of radiation) X (duration of DC
voltage application). It will thus be seen that, assuming
that the quantity of radiation from the light source is
constant while constant exposure is under way as
shown in FIG. 7, a change in the duration of DC volt-
age application ty as shown in FIG. 7B entails a change
in the quantity of exposing light as shown in FIG. 7D,

65

8

thereby allowing a positive or a negative electrostatic
image to be formed as desired. In light of this, the pres-
ent invention contemplates to change the kind of the
electrostatic image by switching the duration t,. For
example, where the quantity of radiation ts kept con-
stant at 0.18 [ImW/cm?] and a DC voltage Vo of 650
volts i1s applied for a duration t, of 60 seconds, the quan-
tities of exposing light log E as represented by the line
a4 of FIG. § are set up and, eventually, a positive elec-
trostatic image is produced according to the character-
istics aj—a4. Conversely, where the duration t, is re-
duced to 0.4 second, quantities of exposing light log E
as represented by the line bg of FIG. § are set up with
the result that a negative electrostatic image is pro-
duced according to bi-bs. The duration of DC voltage
application which suffices for ordinary documents does
not have to be longer than about 0.25 second for a nega-
tive electrostatic image and 20 seconds for a positive
electrostatic image. Where the duration of voltage ap-
plication is 5 seconds, the required quantity of radiation
is 0.01 [mW/cm?] for a negative electrostatic image and
0.8 [mW/cm?] for a positive electrostatic image. Fur-
thermore, the quantity of exposing light may be con-
trolled 1n three or more steps to.allow the electrostatic
image 10 be finely adjusted, as will be understood from
the characteristics of FIG. 5. Such an alternative expos-
ing step, coupled with the subsequent steps, will enable
the image quality to be delicately adjusted.

In any case, the alternative quantities of exposing
light allows a positive or a negative electrostatic image
to be produced from a positive document or a positive
or a negative electrostatic image from a negative docu-
ment as desired. In short, any desired 1mage 1s achiev-
able with greater freedom depending upon the docu-
ment used, application and other conditions.

Now, a presumable mechanism which generated the
curves az and bz shown in the second quadrant of FIG.
5 will be described. The photoconductive element 32,
air gap 52 and recording paper 42 shown in FIG. 8 may
be regarded as a serial capacitor model having capaci-
tances Cp, Ca and Cd, respectively, as shown in FIG. 9.
Assume a situation wherein the quantity of exposing
light is sequentially increased under the application of a
constant DC voltage V from the voltage source 54.

(a) When exposing light 1s absent or, if not absent,
small in quantity

First, the DC voltage Vo 1s divided and applied to the
various layers. The voltage applied to each of the layers
is calculated as (total capacitance)-(DC  voltage)/-
(capacitance of the layer). As shown in FIG. 10A, as-
sume that Cpy=eo-ep1/Lp, Ca=eo/La, and
Cd=c¢o-ed/Ld. Then, the total capacitance Co; 1s pro-
duced by:

The voltages Vpi, Vaj and Vd; applied to the respec-
tive layers are expressed as: -

Co
Vp1 = ot » Vo
| Coy
Va, = Ca o
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-continued
Coq
Vd) = o Vo

Here, Ca and Cd are each assumed to be constant with
respect to E=EoXt Lp, La and Ld are indicative of
thicknesses of the respective layers.

At this instant, if the divided voltage Vaj in the air
gap 52 1s equal to or lower than the Paschen’s spark
~start voltage Vg, discharge does not occur. Then, both
the surface potential Up; of the photoconductive ele-
ment 32 and the surface potential Ud; of the recording
paper 42 are zero and, hence, no charge remains on the
paper 42 after the separation of the photoconductive
element 32 and the paper 42. -

(b) When exposing light is increased

In this case, the capacitance of the photoconductive
element 32 is assumed to be Cpy=e€0-€p2/Lp as shown in
F1G. 10B. From this, the total capacitance 1s expressed
as:

i‘-ﬁrl
~ 1 ] 1

Cp2
‘Therefore, the voltages Vpa, Vas and Vd; are produced
as:

” Co U

P2="Cp " 7°
. Coy

ay ==& Vo
Coy

Vdy = i Vo

Concerning a photoconductive element, particularly

the element 32 constructed and arranged in accordance
with the present invention, as the quantity of exposing
light 1s increased in the case (b), the charge migrates
through the charge transfer layer 34 due to the quantum
effect associated with the increased quantity of expos-
ing light, resulting in a drop of the voltage Vp; applied
to the element 32. This may safely be translated into an
increase in the capacitance Cp or the dielectric constant
ep of the element 32. That is, there holds relationships

Cp1<Cp2and ep; < ep3. Since the DC voltage Vo is the

same, T'he voltage vaz becomes higher than the voltage
Vaj to increase the voltage in the air gap 52 until
Vaz> Vg holds. As a result, discharge occurs between
the photoconductive element 32 and the paper 42 based
on the voltage increase Uoy= Vay— Vg. This divides the
surface potential Up; of the element 32 and the surface
potential Ud; of the paper 42 by the capacitances as
follows:

n="thrad U
Cp2
Udy = Cpy + Cd Uo

Charges associated with those surface potentials Up;
and Udj are deposited on the surfaces of the element 32
and paper 42, respectively. In this case, since the volt-
age Va in the air gap 52 increases with the increase in
the quantity of exposing light, a negative electrostatic
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10 .
image or a negative image 1s produced as represented by
bj-bg in FIG. §.

(c) When exposing light 1s further increased

First, as shown in FIG. 10C, the capacitance of the
photoconductive element 32 is determined as
Cp3s=e€o0-€p3/Lp. Then, the total capacitance Co3s 1s ex-
pressed as: |

1 1 1\
Cﬂs=(?:p—3+ Ca +""c—d")

Further increasing the quantity of exposing light by
increasing the exposing time causes the charges in the
paper 42, particularly those at the interface of the elec-
trode layer 44, to migrate as shown in FIG. 10C. At this
instant, if any microscopic irregularity exists in the
charge density, the whole charges are uniformalized
(the irregularity is reduced). In the element 32, on the
other hand, charge trap occurs in the charge transfer
layer 34 or at its interface as shown in FIG. 10C, with
the result that the voltage Vp applied to the element 32
1s gradually increased. This in turn lowers the voltage
Va applied to the air gap 52. For these reasons, the
surface potential Ud which the charges stored in the
paper 42 after separation shows to the outside begins to
decrease with the increase in the quantity of exposing
light. That is, a positive electrostatic image having such
a tendency that the surface potential or the amount of .
surface charge is comparatively small in an area
wherein the quantity of light is comparatively large. As
a result, presumably, the positive electrostatic image or
the positive 1mage is presented as represented by aj-a4
of FIG. §. | |

The above occurrence will be explained using equa-
tions. Assuming that the voltage Vp3 associated with
the photoconductive element 32 which increases with
the exposing light is equal to V'p, then the voltage Vaj

“associated with the air gap 52 and that Vdj associated

with the paper 42 are produced by:

Co; | ,
Vay = T (Vo — Vp')
Co3 ,
Vdi = o, (Vo — Vp')

For correspondence with the above equations, the volt-
age Vp3; may be expressed as follows, using a voltage

Vg

Cos
Cp3

Vps = Vp' = (Vo — Vp') + VF

Initially, because the voltage Vaj is higher than the
Paschen’s sparking voltage Vg, discharge takes place

based on the fragment Uo3=Va3— Vg as has been de-

scribed in relation to the case (b). As a result, the surface
potentials Up's and Ud'; of the element 32 and paper 42
attain respectively the following values:

,_ €
Py =T+ ca U

, Cp3
=T ra
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As the quantity of exposing light is further increased
as above stated, the surface potentials change respec-
tively to Up3z and Udj as shown below:

Cd
Upy = Crs + Cd - Uoy + V§
Cp3 Z
Uds = ~gr¢ca "V — Iz

where Z 1s the distance between positive (+) and nega-
tive (—) charges, and Z is smaller than Ld.
It will be seen from the above that a positive electro-

static image is obtainable by applying more than a cer-

tain quantity of exposing light during an exposing step.
However, in the case where the quantity of exposing
light inclusive of reflections from a document and flares
is extremely small or where the document 1s transmis-

10

15

sive and both its transmission and the quantity of expos-

ing light are extremely small, hardly any electrostatic
image can be formed in the associated portions. These
particular portions are substantially void of charge or
potential as those portions in which the quantity of
exposing light has been extremely large are and, there-
fore, undistinguishable from the latter. While further
increasing the quantity of radiation as a light 1image will
be a solution to such a problem, it brings about various
disadvantages concerning electrostatic image forming

- conditions.

The present invention solves the above problem by
procedures which are shown in FIGS. 11A and 11B.
Specifically, as shown in FIG. 11A, full-surface expo-
sure is effected by the light source 70 with the DC
voltage Vo from the voltage source 52 applied. This is
followed by exposure to a light image, as shown in FIG.
11B. While the line a4 shown in FIG. § implies that a
positive electrostatic i1mage is obtainable by selecting a
-~ quantity of exposing light of 5x10-> to 4Xx10-3
[J/cm?], it will also be understood from FIG. 5 that the
quantity of light of 5X10—> [J/cm?] is the minimum
amount of light necessary for all the regions. with no
regard to light images (hght and dark document 1m-
ages). Hence, in accordance with the present invention,
full-surface exposure with a quantity of exposing light
of, for example, 5X 105 [J/cm?] is effected at the step
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of FIG. 11A and, then, exposure with a quantity of 4°

exposing light of, for example, 0-4 X 10—3 [J/cm?] at the
step of FIG. 11B; the total quantity of exposing hight is
large enough to set up the characteristic as represented
by the curve a3 of FIG. §. After the electrostatic image
has been formed, the element 32 and he paper 42 are
separated from each other as shown in FIG. 11C, then
the electrostatic image is developed by toner 72 as
shown in FIG. 11D, and then the toner image 1s fixed as
shown 1n FIG. 11E.

While the full-surface exposure (FIG. 11A) has been
shown and described as being effected prior to the ex-
posure to a light image (FIG. 11B), it will readily occur
to those skilled in the art that the former may be per-
formed after the latter because the curve a3 shown in the
third quadrant of FIG. § is representative of an electro-
static image characteristic which is dependent upon the
quantity of exposing hight. The steps of FIGS. 11A and
11B may be performed either continuously without
interrupting the supply of the DC voltage Vo or discon-
tinuously by temporarily interrupting it.

Referring to FIG. 12, an apparatus 80 to which the
present invention is applied is shown. An ordinary doc-
ument 82 1s laid on a glass platen 84. An imaging unit 86
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having four lamps 882-88d, a f{irst mirror 90, a iens 92,
a mirror 94 and a mirror 96 is driven as indicated by an
arrow to scan the document 82. In the illustrative ar-
rangement, the lamps 882-88d are each about 220 mill-
meters in length and 500 watts in power. A table 98
which bifunctions as an electrode i1s loaded with the
recording paper 42 and the photoconductive element 32
which are held in inttmate contact with each other. A
sheet glass 100 i1s placed on the element 32 and biased by
a spring or the like (not shown) to further enhance the
intimate contact between the paper 42 and the element
32. The element 32 is half-fixed to the sheet glass 100,
while the electrode layer 38 of the element 32 is pressur-
ized against an electrode which 1s positioned at an end
of the glass sheet 100 to be electrically connected there-
with. The table 98 is connected to a DC power source
102 and movable as indicated by an arrow carried by a
wire or the like.

In the above construction, a light image issuing from
the imaging unit 86 1s projected through a variable slit
104 onto the table 98. As soon as the table 98 reaches a
predetermined leftward position in FIG. 12, a switch
106 1s actuated to interrupt the DC power supply so that
the paper 42 carrying an electrostatic image may be
manually taken out of the apparatus. Upon completion
of all the consecutive steps, the 1maging unit 86 and the
table 98 are returned to their original or home positions
to prepare for another imaging cycle.

In detail, to produce a positive electrostatic image
from the document 82, the operation begins with turn-
ing on all the four lamps 884-884 and moving the imag-
ing unit 86 and the table 98 in the previously mentioned
directions at a relative speed of about 1 millimeters per
second. The variable slit 104 1s about 30 millimeters
wide when fully opened and controllable to a narrower
width for fine adjustment of the quantity of light as
desired. On the other hand, to produce a negative elec-
trostatic image from the document 82, only two, 88a
and 88¢, of the four lamps are turned on for exposure.
The imaging unit 86 and the table 98 are moved at a
relative speed of 20 millimeters per second this time.
A gain, the width of the slit 104 is controllable to finely
adjust the amount of light. Since the imaging unit 86 as
a whole entails several percent of flare, the apparatus 80
is so constructed as not to allow any unexposed portion
to remain on the table 98 during the course of positive
electrostatic image forming procedure.

As stated above, the positive or a negative electro-
static image is obtainable as desired by changing the
quantity of exposing light, that 1s, by applying a larger
quantity of exposing light in the case of a positive elec-
trostatic image than in the case of a negative one. This
at the same time may undesirably add to the period of
time necessary for an electrostatic image to be formed
and/or to the energy consumption and heat generation
by the light source. The present invention also proposes
an implementation for setthing such a situation, paying
attention to the value of the DC voltage.

Restudying the curve a3, b3 in the third quadrant of
FIG. §, a characteristic represented by a curves a'3, b'3
as shown 1n FIG. 13 was obtained when the DC voltage
Vo was 600 volts, and a characteristic represented by a
curve a’’3, b”’3 when 1t was increased to 700 volts. As
shown in FIG. 13, the characteristic curve shifts itself
toward the smaller exposing light quantity side as the
DC voltage Vo 1s raised. It follows that for a given
image, raising the DC voltage Vo reduces the required
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quantity of exposing light and, thereby, increases the
process sensitivity. Utilizing this fact, a positive electro-
static image 1s formed by controlling the DC voltage
Vo to 700 volts to use the curve a'’3, while a negative
electrostatic image i1s formed by switching it to 600
volts to use the curve b’s. Although switching the DC
voltage to the higher one even for a negative electro-
static image may be contemplated, such 1s undesirable
because constantly locking the voltage to the higher
one increases energy consumption and because the elec-
tric field of the photoconductive layer of the element 32
is intensified to promote fatigue of the element 32. In
short, since the improvement in process sensitivity does
not sufficiently work for a negative electrostatic image,
the present invention sets up the higher DC voltage
only at the time of forming a positive electrostatic 1m-
age.

Meanwhile, in accordance with the present inven-
tion, based on the finding that even the same potentials
attenuate in different manners in dependence upon the
quantity of exposing light to reach entirely different
values, a predetermined period of time for adaption is
provided. Turning back to FIG. §, at the time of form-
ing a positive electrostatic image, it 1s necessary to
project a light image within the range of, for exampie,
5x 10—> to 4X 10—3 [J/cm?] as previously stated. Such
particular quantities of light set up a potential contrast
of about 230 volts, as understood from the third quad-
rant. Assume two points Pa and Pb in the third quadrant
which are defined at opposite sides of the peak of the
curve a3, b3 and each shows a surface potential of about
220 volts. comparision of those two points Pa and Pb
with respect to the manner of potential attenuation
provided the characteristics which are shown in FIG.
14. In FIG. 14, the quantity of exposing light is
1.15x10—4 [J/cm?] at the point Pa and 2.2X10-3
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[J/cm?] at the point Pb. Solid curves a5 and bs in FIG.

14 are representative of adaptation effected in a condi-
tion in which an electric field is absent, the curve as

.. . being associated with the point Pa and the curve bs with

.. the point Pb. The dotted curves a'sand b's, on the other
hand, are representative of adaptation effected in an
electric field of 170 volts per centimeter, the curve a's
being associated with he point Pa and the curve b’s with
the point Pb. - |

It will seen from FIG. 14 that even if the initial poten-
tial 1s the same, any difference in the quantity of expos-
ing light causes the potential to attenuate in different
manners during adaptation and, after several minutes,
sets up entirely different potentials. Especially, as repre-
sented by the curves as and a's, a greater guantity of
exposing light causes the potential to attenuate faster so
that eventually a substantial potential contrast is ob-
served between the curves bsand b’s, as shown in FIG.
135. It will also be seen that such phenomena are acceler-
ated by an external electric field as well. In this manner,
the difference in attenuation characteristic is presum-
ably accounted for by the occurrence that even if the
potential may be the same, the position of a charge
depends upon the quantity of exposing light and, espe-
cially, the distance between positive charges and that
between negative charges are reduced when the quan-
tity of light is greater, thereby accelerating the attenua-
tion during adaptation.

For the above reason, where a light image is pro-
jected within the range of 1.15X10—4% to 2.2X10-5
[J/cm?], an electrostatic image initially formed on the
dielectric layer 44 has a potential contrast as great as
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220 to 230 volts and 1s generally short of a uniform
image. In contrast, several minutes of adaptation time in
accordance with the present invention makes it possible
to form an electrostatic image having a potential con-
trast of about 40 to 80 volts, as shown in FIG. 15. The
adaptation time will especially be shortened if the adap-
tation is effected in an electric field. Alternatively, the
formed electrostatic image may be positive electrostatic
image because a greater quantity of exposing light sets
up a lower potential.

In short, 1n accordance with the present invention, a
positive electrostatic image is achievable with a medium
quantity of exposing light such as 1.15%x10—4 to
2.2X10-5 [J/cm?] instead of a large one such as
5% 103 to 4X 103 [J/cm?], so that desirable image
forming conditions can be established. Further, even
the characteristic C3 of FIG. 6 which develops just after
the formation of an electrostatic image is capable of
setting up a potential contrast associated with the quan-
tity of exposing light when provided with an adaptation
time as in the present invention, enabling a positive
image to be formed. In this regard, too, the adaptation
time leads to more desirable imaging forming condi-
tions. |

As described above, in accordance with the present
invention, the photoconductive element 32 is provided
with transmissivity and exposed to a light image from
the back to inject light into the charge generation layer
36. The ratio in quantity between the light injection into
the layer 36 to the exposing light was measured to be
aout 35%. It 1s permissible to provide the paper 42,
instead of the element 32, with transmissivity and to
turn the element 32 and paper 42 shown in FIG. 2 up-
side down so that light may be projected from the back
of the paper 42. While in such an alternative arrange-
ment it 1s difficult to increase the transmission of the
paper 42, particularly its dielectric layer 44, and the
injection efficiency of light into the layer 36 of the
element 32 becomes poor, a characteristic similar to that
of FIG. § 1s attainable only if the same quantity of light
as in the illustrative embodiment is injected, thereby
enhancing the freedom of system construction.

The electrostatic recording paper which has been
shown and described as a recording medium may be
replaced with a plain paper or like paper, cloth, plastics,
film or any other dielectric sheet. Even such an alterna-
tive sheet is capable of forming a positive electrostatic
image thereon if used in intimate contact with an elec-
trode, which is provided on the back of the sheet as a
separate member. Generally, however, such an alterna-
tive material i1s limited in capacitance due to its thick-
ness and, therefore, in the voltage in the air gap. This
undesirably lowers the resulting image density and re-
quires DC voltage Vo to be raised. For example, when
the method of the present invention was practiced using
the previously mentioned paper TYPE 6200, the result-
ing tmage density was not greater than about 0.3.

It will readily occur to those skilled in the art that the
transmissive document shown and described as a docu-
ment may be replaced with an ordinary document, in
which case reflections from the document may be pro-
jected as in a copier.

As described ‘hereinabove, a method of the present
invention projects a light image having a light quantity
region greater than a predetermined quantity of expos-
ing light and, hence, allows a positive electrostatic
image to be formed on a dielectric layer of a recording
medium with a particular tendency that the surface
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potential or the amount of surface charge is compara-
tively small in a region in which the quantity of light is
comparatively large. In addition, full-surface exposure
1s performed before or after exposure to a light image
using a predetermined quantity of light such that the
total quantity of light becomes greater than a predeter-
mined one. Such further enhances stable formation of a
positive electrostatic image and eliminates the need for
inversion development and, thereby, promotes free
manipulation of ordinary document, instead of negative
documents. -

Further, in accordance with the present invention, a
plurality of quantities of light are selectively set up so
that a positive or a negative electrostatic image may be
provided depending upon the selected quantity of light,
that 1s, the duration of DC voltage supply during expo-
sure is changed to provide either a positive electrostatic
image Or a negative one. An electrostatic image,
whether it be positive or negative, can thus be formed as
desired using the same document. Stated another way,
any of the images can be freely obtained to meet a par-
ticular kind of document, application, etc.

In addition, the method of the present invention does
not immediately develop an-electrostatic image which 1s
provided on a dielectric layer and, instead, waits until a
predetermined period of time for adaptation expires.
This enables a positive electrostatic image to be formed
without resorting to a large quantity of exposing light,
thereby promoting image forming cycles under ad-
vanatageous conditions.

Various modifications will become possible for those
skilled 1in the art after receiving the teachings of the
present disclosure without departing from the scope
thereof.

What is claimed 1s:

1. An electrostatic image forming method for an
image forming apparatus, said apparatus being provided
with a photoconductive element having an electrode
layer and a photoconductive layer, and a recording
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medium having at least a dielectric layer, at least one of 40

the photoconductive element and the recording me-
dium having transmissivity, said method comprising the

steps of:
(a) causing the photoconductive layer of the photo-
conductive element and the dielectric layer of the
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recording medium to face and make close contact
with each other with the intermediary of an air
gap;

(b) applying a DC voltage across the electrode layer
of the photoconductive element and the dielectric
layer of the recording medium;

(c) projecting a light image for exposure from a back
of one of the photoconductive element and the
recording medium which has transmissivity; and

(d) controlling a light quantity of the light image;
whereby a positive electrostatic image or a nega-

tive electrostatic image is formed on the dielec-
tric layer of the recording medium.

2. A method as claimed in claim 1, wherein the step
(d) comprises (e) projecting a light image having a light
quantity region which is greater than a predetermined
quantity of exposing light.

3. A method as claimed 1n claim 1, wherein the step
(d) comprises (e), prior to the step (c), performing full-
surface exposure to a predetermined quantity of expos-
ing light while applying a DC voltage across the elec-
trode layer of the photoconductive element and the
dielectric layer of the recording medium.

4. A method as claimed in claim 1, wherein the step
(d) comprises (e), after the step (c), performing full-sur-
face exposure to a predetermined gquantity of exposing
light while applying a DC voltage across the electrode
layer of the photoconductive element and the dielectric
layer of the recording medium.

5. A method as claimed in claim 1, wherein the step
(d) comprises (e) presetting a plurality of quantities of
exposing light and (f) selecting one of the present quan-
tities of exposing light whereby a positive or a negative
electrostatic image is formed depending upon the se-
lected quantity of exposmg light.

6. A method as claimed in claim 5, wherein the step
(f) comprises (g) changing a duration of application of
the DC voltage.

7. A method as claimed 1n claim 1, further comprising
the step of (e) providing a predetermined period of time
for adaptation by, before developing the formed elec-
trostatic image, leaving the electrostatic image in a

condition in which an electric field is or is not applied.
L x * * *
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